The model of the rotational diffusion of the azo-dye molecules under the action of polarized uv light was used to explain the formation of the photoinduced order in azo-dye layers. We consider both the approximations of negligible and strong molecular interaction during the process of the reorientation under the field of a polarized light. We constructed an experimental setup, based on a photoelastic modulator, that allows accurate in situ measurements of the phase retardation ␦ of thin film as a function of the exposure time t exp and exposure power W ͑W/cm 2 ͒. A good agreement with experiment was observed. Fitting the experimental curves ␦͑t exp ͒ for different power values W, we can estimate the coefficient of rotational diffusion D, azo-dye order parameter S͑t exp ͒, and other parameters of the rotational diffusion model.
I. INTRODUCTION
Recently, we have shown the possibility of obtaining high-quality, noncontact photoalignment layers using the azo-dye structures [1] [2] [3] . Photochemical stable azo-dye layers are an example of pure reorientation of the absorption oscillator of the azo-dye molecules perpendicular to the polarization of the activating uv light. The azo-dye molecules that have their transition dipole moments parallel to the direction of the polarized light will most probably get the excess energy, which results in their reorientation from the initial position. This process can be described statistically as a diffusion motion of the dye molecules under the action of the polarized light [4, 5] . This results in an excess of chromophores with the absorption oscillator perpendicular to the polarization of the uv light. Hence, a thermodynamical equilibrium in the new oriented state will be established. Consequently, the anisotropic dichroism and optical retardation are photoinduced permanently and the associated order parameter as a measure of this effect can be very large in some of these materials. The photochemical mechanisms, such as cross linking, photodegradation, and even cis-trans isomerization are most likely avoided in this case [1, 6] .
In this paper we will discuss the model of rotational diffusion of the azo-dye molecules under the action of polarized uv light and show that experimental time behavior of photoinduced birefringence in the azo-dye thin films can be well described by this model. Previous theoretical investigations of azo-dyes photoinduced birefringence were mostly based on taking into account the photochemical transformations such as cross linking in poly (vinyl)cinnamate derivatives and photodegradation in polyimides [7] [8] [9] [10] [11] [12] [13] [14] or cis-trans photoisomerization process in azobenzene side-chain polymers [15] [16] [17] . A similar model has already been applied to describe the photoinduced birefringence in azo-dye Langmuir Blodgett films [18] .
The pure azo-dye layers can also be used as photoaligning agents in liquid crystal display (LCD) cells [1] [2] [3] 19, 20] . The thermal and uv stability of the photoaligned azo-dye layers is high and can be considerably improved after thermopolymerization of azo-dyes layers [20] . The azo-dye layers exhibit a sufficiently high anchoring energy of liquid crystal with the substrate, which makes them one of the most attractive photoaligning materials for LCD technology [21] .
II. DIFFUSION MODEL

A. General consideration
Azobenzene sulfuric dye SD, used in the experiment, is shown in Fig. 1 . When the azo-dye molecules are optically pumped by a polarized light beam, the energy absorbed for the transformation is proportional to the square of the cosine , the angle characterizing the orientation of dye molecule with respect to the polarization vector of light (Fig. 1) . In other words, this probability distribution is nonuniform and has an angular dependence. Therefore, the azo-dye molecules that have their transition dipole moments parallel to the direction of the polarized light will most probably get the excess energy, which results in their reorientation from the initial position. This gives an excess of chromophores in a direction at which the absorption oscillator is perpendicular to the polarization of the uv light (Fig. 1) .
If rotating molecules are at every instant of time in a thermal equilibrium, and the rotation takes place in the field with a potential energy U = ⌽kT, where T is an absolute temperature, k is the Boltzmann constant, and ⌽ is relative potential energy, the equation of Brownian orientational diffusion, also known as the Boltzmann-Smoluchowski equation, can be used to describe the process of the orientational diffusion, e.g., optical Kerr effect in initially isotropic liquids [4, 22, 23] or rotatory diffusion of solutions of rod-like macromolecules [24] . For rod-like azo-dye molecules with a cylindrical symmetry the only coordinate will be a polar angle , the angle between the molecular absorption oscillator and the direction of the polarization of the activating light (Fig.  1) . The potential energy U = ⌽kT of the activating light will also be the function of the angle only, i.e., ⌽ = ⌽͑͒ and the equation of orientational diffusion is [4, 22, 23] 
Here, we assume that the potential energy ⌽kT is proportional to the light intensity at the direction of the absorption oscillator, i.e., the number of photons absorbed by azo-dye molecule. The energy of photons is not wasted on the change of the molecular conformation or luminescence, and is responsible for the rotation of the azo-dye molecule from its initial random position to the direction perpendicular to the activating light polarization [1] . The order parameter is determined as the thermodynamic average ͗P 2 ͑͒͘
Here, the probability density function f͑ , t͒ describes the movement of molecules in two dimensions, i.e., in a certain plane, where the angle characterizes the orientation of dye molecule with respect to the polarization vector of the activating light. The orientation of the azo-dye molecule in the perpendicular plane is not controlled by light. The value f͑ , t͒d is the number of molecules whose axes are located within the polar angles ͑ , + d͒ at the unit sphere [25] . Equations (1) and (2) are correct if there is no interaction between azo-dye molecules. Such a situation can take place in very dilute systems with azo-dyes, e.g., in special polymer films having a small amount of azo-dye molecules. Dependent on the sign of the parameter A, the molecular orientation occurs either at the angle = /2 ͑A Ͼ 0͒ or =0, ͑A Ͻ 0͒. Equation (3) includes also the light power I ͑W/cm 2 ͒, the absorption coefficient ␣ ͑1/cm͒, and the molecular volume V M , absolute temperature T, and Boltzmann constant k. The parameter is the relaxation time-the time of "cooling" of azo-dye molecule and its surroundings. During this time the azo-dye molecule absorbs the energy of light, overcomes the potential barrier between two orientational states when it interacts with its surroundings, and then "cools down" to the new state. In polymers with a small concentration of azo-dye molecules, the absorption coefficient ␣ is much smaller than in the case of pure azo-dye film, and therefore the parameter A is also small there. The parameter U = ⌽kT =1/2I␣V M cos 2 plays the role of a certain potential which tends to make the azo-dye molecule rotate due to the light action, and can be considered as the change of chemical potential per one molecule related to the corresponding change of the free energy. The process of such a reorientation can be considered as isothermal. During this process the free energy of the azo-dye molecules changes due to the light action, and the thermal energy is scattering. We should point out that the change of the free energy takes place for the reoriented molecules only. After this reorientation the molecules are not affected by light again, i.e., this free-energy change per one molecule is a constant value. Only the quantity of reoriented molecules increases with time, and this is described by the variation of the angular distribution function f.
B. Estimation of the "cooling time" in the diffusion model
Unfortunately, the parameter cannot be exactly calculated due to the complicated nature of the numbered interactions and molecular kinetics, but should be much smaller than the time of light exposure to enable the azo-dye molecules to get to a new orientational state. (Fig. 1) and estimate the absorption coefficient from the measured optical density D (D ϳ 0.2 for azo-dye layer thickness of 10 nm) [1] . The values of the coefficient A ϳ 0.1-1 provide the best fitting of the experimental curves by the diffusion model (see the results below). The time may be dependent on the thermo-conductivity of substance , heat capacity c p , density , and characteristic size of sample L on which the distribution of temperature becomes homogeneous:
, we obtain the estimate ϳ 10 −4 s for L Ϸ 2 m.
C. Diffusion model in case of negligible intermolecular interaction
Assuming the azimuthal symmetry of the molecular distribution, we can write
where
states the initial, symmetry, and normalization condition, respectively. The saturated ͑t → ϰ͒ solution of the problem (4) and (5) for A ӷ 1 and
͑7͒
We have also solved the problem (4) and (5) numerically, and showed that the function ͑u͒ indeed comes very close to the ␦ function for A ӷ 1 and t ӷ 1/D (Fig. 2) ͑u͒ → ␦͑u͒ = ␦͑ − /2͒.
͑8͒
The perfect order ϵ /2, u ϵ 0 in our case takes place when the absolute value of the order parameter is maximal, S m = −1 / 2. Then, the saturated ͑t → ϰ͒ value of the relative order parameter s = S / S m ͑0 ഛ s ഛ 1͒ can be obtained from (3) and (7)
for sufficiently large values of A ӷ 1.
If A Ӷ 1, ͑u , t͒ can be expanded in a series of Legendre polynomials P n ͑u͒ [4] as
͑10͒
The relative order parameter is obtained from (3) and (10) as s Ϸ 2A 15
or the saturation value of the order parameter is directly proportional to the intensity I of the activating light (2). The response (rise) time
where D = kT /6a m is a diffusion coefficient, is the viscosity, a m is the characteristic size of the molecule or molecular cluster. The size of the cluster a m can be dependent on the density (or concentration) of the free and photoaligned azo-dye molecules and can be considered as the effective radius of gyration (the effective hydrodynamic radius) [26] .
In this case a m is a function of the exposure energy; however, in the approximation of noninteracting azo-dye molecules, we shall not take this dependence into account. The relation (12) states that the rise time of the effect is independent of the intensity of the activating light.
Looking for the kinetics of the the process of the induced birefringence, we get
i.e., the rate of the induced order parameter ds / dt͉ t=0 is directly proportional to the relative intensity of the activated light.
D. Introduction of new potential to allow for intermolecular interactions
In the general case, particularly for dye films, we should take into account the interaction of dye molecules among themselves in the process of the rotational diffusion. This interaction cannot be neglected when the molecular concentration is high [27] . We may use the approximation of mean field acting as the thermodynamic average ͗P 2 ͑͒͘. Thus, the effective potential, in which the dye molecule stays, can be written in the form
where ␣ is a phenomenological constant. The potential (14a) is the "mean-field" approximation, similar to that proposed in the Maier-Saupe model [28] . The amplitude of the mean field is proportional to the order parameter S = ͗P 2 ͘, while the function P 2 ͑͒ makes the interaction potential orientation dependent [29] . If initially, because of the molecular interaction and action of a certain effective electric field E eff , the dye molecules are oriented at a fixed angle 0 with respect to the polarization of light, then Eq. (14a) should be modified
where is the positive dielectric anisotropy. Accordingly, when I = 0 before the moment t = 0, the initial function f 0 ͑͒ = f͑ ,0͒ is not isotropic in this case, and must be found from the equation of diffusion with potential (14b), where I = 0. Figures 3(e) and 3(f) show different mutual orientations of the director n (in the planes xz and yz), polarization of light E light oriented along axis y, and effective molecular field E eff (in the plane yz). The initial isotropic distribution of n for zero values of the effective field and light intensity is shown in Fig. 3(a) . The light action induces the rotation of dye molecules mainly in the plane xz [Figs. 3(b) and 3(c)]. In the plane xz the director distribution is either isotropic if E eff =0 [ Fig. 3(b) ], or anisotropic if an effective field is present [ Fig. 3(c) ]. The existence of E eff can be related to the existence of an anisotropic substrate, boundaries of individual areas in the film, or some other defects creating an orienting force. We shall assume, first, that the potential U in the equation of diffusion is given by Eq. (14a), and the initial function f 0 ͑͒ =1/2, i.e., isotropic. Thus, taking into account (3) and (14a), the equation for the function f͑ , t͒ can be written in the form
The solution of Eq. (15) can only be found numerically in the whole time interval from t = 0, when f͑ ,0͒ =1/2 and S =0, up to t → ϱ, when certain limits for f and S have to be observed. We can analyze analytically several limit cases which qualitatively show various possibilities of the time behavior of function f͑ , t͒ and the order parameter ͗P 2 ͉͑͒͘ t .
E. Kinetics of order parameter S in diffusion model
The case: t
We find the solution f͑ , t͒Ϸ f 0 + ␦͑ , t͒, where ␦ Ӷ f 0 . Using (5) we obtain the following results:
where f 0 = 1 2 , a Ͻ 0. Thus, we see from (16) that the phase transition occurs below the temperature T c =2f 0 ͉a͉ /5k, so that ͗P 2 ͉͘ t→ϱ ϵ S 0 at T Ͻ T c , since the order parameter increases with time at these temperatures in accordance with Eq. (16e). At T Ͼ T c , the magnitude ͗P 2 ͉͘ t→ϱ approaches zero by the exponential law with characteristic time T c / ͓4D͑T − T c ͔͒, which becomes large (slowing down of relaxation) when the temperature approaches the phase transition point. This situation for t → ϱ is illustrated by Fig. 3(a) . Numerical calculations of the relative order parameter s for T Ͼ T c , when the light was switched off, are shown in Fig. 4 by two curves: for a / kT = −5.4, s͑t͒ is rapidly decreasing with time; for a / kT = −5.7, the described slowing down of the s͑t͒ curve is observed.
The case: T Ͻ T c , A = 0
We shall find ͗P 2 ͉͘ t→ϱ ϵ S 0. Now, we have
After the substitution of (17) to (15), the equation for function f 0 ͑͒ is
which has the solution
͑19͒
Taking into account Eqs. (3) and (19), we obtain the equation for the order parameter S S = ͵ 0 sin dP 2 expͩ− a kT
͑20͒
In the case C 1 =1/͐ 0 exp͑−aSP 2 / kT͒sin d, and C 2 =0, we can obtain from the (20)
͑21͒
From Eq. (21), we see that the first-order phase transition takes place which occurs not exactly at the temperature T c , but at a slightly different temperature T* (it can be calculated that T * Ϸ 1.09· T c ). The situation for A =0 at T Ͻ T c , when a certain weak anisotropy is present in plane xz, is shown in Fig. 3(d) .
Function ␦͑ , t͒ = y͑͒exp͑−t͒ is found from the equation
For relatively small S, we obtain the following results from Eq. (22) y͑͒ Ϸ C cos 2,
Thus, we see that depends on temperature, ͑T = T c ͒ Ϸ 0.54· D, and the value of increases with temperature decreasing [Eq. (23) includes the higher powers of S when the order parameter is large].
The case: T Ͻ T c and A Å 0, but A and S are small at t \ ؕ
Since, in this case, the favorable director orientation is perpendicular to the light polarization, it is convenient to use Eq. (14b), where 0 = /2, E eff = 0, and 1 ӷ A Ͼ 0. Using Eqs. (3) and (18), we can find that
Using Eqs. (24), we obtain the relation If is larger than A, then we see from (25) that S Ϸ ͱ 7 /5, with a correction of the order of A / . Equation (26a) shows that the saturation value of S considerably increases with the increase of the parameter A. Equation (26b) shows the faster increase of the order parameter S with time for the higher values of and A. The described situation is shown in Fig. 3(c) , where a weak effective field is included to produce the z orientation of director by the light action. The corresponding numerical results for the time dependence of the relative order parameter s͑t͒ are shown in Fig. 4 . If T Ͻ T c , then the characteristic relaxation time of S decreases and the saturation value of S increases for smaller temperatures, and in this case the parameter −͉a ͉ / kT becomes larger (Fig. 4) . After switching the light off, the order parameter rapidly becomes equal to the saturation values defined by temperature.
F. Effect of external field to the order parameter
In the films consisting of azo-dye molecules, the initial macroscopic orientational ordering is absent, due to the procedure of preparation of the films, even at low temperatures (at T Ͻ T c ). In fact, such a film is frustrated on many small areas of different sizes; the areas can possess average orientations which are occasional in the plane of the film. This means that the distribution function of molecular orientation f͑ , t͒ = const=1/2 before the light action. During the light exposure, finite sizes of the ordered areas are favorable for more rapid macroscopic ordering of the film, but the boundaries between differently oriented areas can slow down the process of photoaligning. We do not include these complicated features of a real film into the model consideration to simplify the solution of the problem. In the case where such azo-dye areas with initial occasional director orientations exist, we should use the equation of diffusion (1) with potential (14b) and nonisotropic distribution f 0 ͑͒ const. The initial director orientation 0 and effective field E eff can be fixed, e.g., by the area boundaries.
Let us suggest that an effective field tends to align the director at the angle = 0 = 0, while the light action is orienting the director at the angle = /2. If T Ϸ T c , then for sufficiently small values of E eff and I from Eq. (1) and potential U given by Eq. (14b), we can obtain the order parameter S from the equation
Though in expansions used the parameters A and B are assumed to be small, the obtained results are approximately correct when magnitude ͉B − A͉ϳ1, and we have the estimate
Equation (28) shows that, for sufficiently large values of B, the value of S is positive, i.e., the molecular orientation is determined by the effective with respect to the absorbing molecule external field. However, for sufficiently large values of A the order parameter S is negative, i.e., the molecular orientation is defined by the light action. These situations are illustrated schematically by Fig. 3(e) and 3(f) . For a weak effective field the molecular orientation is induced by the light exposure [ Fig. 3(e) ]; for a strong effective field, the light is noneffective, and the molecular orientation is dictated by the field E eff [ Fig. 3(f) ].
If the difference ͉B − A͉ is small, i.e., ͑B − A͒ → + 0, then we obtain from Eq. (27) that
When the value ͑B − A͒ changes its sign and ͑B − A͒ → −0, we obtain, instead of Eq. (29), the new solution of Eq. (28)
Equations (29) and (30) show that the light-aligning process cannot reorient the dye molecules at weak light intensity: the threshold for light intensity is determined by the relation A = A c = B. The value of order parameter changes by a jump, and the change in sign of the order parameter takes place at this threshold.
G. Approximation of "frozen" potential
When the value of the relative exposure energy A (2) is not small and the initial isotropic angular distribution function f 0 =1/2 is highly distorted, we have to use numerical methods to find the solutions of the diffusion equation (1) . One of the interesting possibilities here is to consider the molecular interaction potential in the form
where (31a) and (31b) corresponds to the exposure process and relaxation, respectively, and ͗P͘ f is the "frozen" order parameter during the relaxation process ͑A =0͒
and t exp = t off -exposure time. This means that the coefficient a / kT͗P 2 ͘ f before the term P 2 in (31) remains constant during the relaxation of the order parameter. The saturated value of the order parameter ͗P 2 ͉͘ t→ϱ increases with the exposure time, as the coefficient a / kT͗P 2 ͘ f becomes larger for the higher values of exp. The situation is really confirmed in our experiment (see below).
III. EXPERIMENT
The purpose of our experimental investigations was to measure uv light-induced birefringence, which is proportional to an order parameter of a photoaligning substance. We used in experiment the photosensitive sulfuric azo-dye SD (Fig. 1) . The azo-dye was dissolved in N, N-dimethylformamide at a concentration of 1 wt % and then spin-coated on ITO-coated glass substrate at 3000 rpm for 30 s. The coated substrate was cured for 15 min at T = 45°C. This procedure provides a thin, homogeneous solid dye film onto the ITO-glass surface. For accurate in situ measurement of small, thin film phase retardation ␦, a setup has been constructed (Fig. 5) [30, 31] . It was based on a photoelastic modulator to measure the phase retardation value with an accuracy of ±0.001 rad. SD birefringence was measured in-situ during the uv irradiation process (Fig. 5) . The pump beam for inducing of optical anisotropy in SD film was provided by Ar + laser ͑ = 457 nm͒, which has a linear polarized light at the output with the power W =10 mW/cm 2 . The output power was controlled by a special set of attenuator plates (AT). The probe beam, which comes from He-Ne laser ͑ = 632.8 nm͒, passed through crossed Glan-Thompson polarizers (P and A), the substrate with SD film, mounted on a rotatory stage (RS), and photoelastic modulator (PEM). The transmitted probe light intensity I was modulated by PEM with a frequency ⍀ = 50 kHz and detected by semiconductive photodetector (D2).
The time dependence I͑t͒, recorded during several periods of light modulation, was transferred to computer for further treatment. In an ideal case, the PEM modulates the light according to the following law [30] :
where ⍀ is a modulation frequency, A 0 is peak-and ␦ is sample phase retardation. In experiment, due to a residual birefringence of PEM, nonideal polarizers, and multiple reflections the background signal exists, and the registered signal is usually shifted in time. Due to these reasons, the following formula was used to describe the experimental data:
where in addition to (33) I b is a background intensity, I o an incident intensity, and ␣ a phase shift. The typical experimental dependence of the transmitted light is shown in Fig. 6 by squares. The peak phase retardation can be fixed by means of PEM controller. The sample retardation ␦ was determined by fitting the experimental data using (34) (solid line in Fig. 6 ), other parameters were approximately known from the experimental conditions and were corrected during the fitting procedure. The residual birefringence ␦ res was measured before and after the experiment; the former was subtracted from the experimental data to obtain the absolute value of ␦. The change of ␦ res during the time of the experiment was within the error limits. This procedure allows us to measure the phase retardation value more accurately than in the method based on measuring the first and second harmonics of photodetector signal (see Ref. 30 and references therein).
IV. DISCUSSION
A. The photoinduced birefringence (static case)
To explain the experimental dependence of the photoinduced birefringence, we suggest the model of the rotational diffusion of the azo-dye molecules under the action of a polarized uv light, which we have described above (Sec. II C).
The photoinduced phase retardation ␦ =2⌬nd / (d Ϸ 10 nm is the azo-dye layer thickness, = 632.8 nm) is directly proportional to the relative order parameter s of the azo-dye layer
where k is a coefficient proportional to the anisotropy of the molecular polarizability of the azo-dye molecule [32] .
The dependence of the phase retardation versus exposure time for different powers W of pump Ar + laser is shown in Fig. 7 . The size of the uv irradiated spot on the substrate was 2 mm in diameter. The thickness uniformity was controlled by measuring the phase retardation in different points of the sample. The difference in phase retardation does not exceed (5), shown in Fig. 7 by solid lines. The saturation photoinduced phase retardation level was found to be proportional to the power of uv illumination W, which is in qualitative agreement with our analytical estimations (9) and (11) and the results of the numerical calculations (Fig. 8) . The initial rate of the increase of the photoinduced birefringence should also establish a linear dependence (13) . The derivatives ͑d␦ / dt͒ t=0 were calculated from experimental data (Fig. 7) . The numerical results, following from the model of orientational diffusion of the azodye molecules in the field of a uv-polarized light (4) and ( 
͑36͒
Using these data, we can determine the relative order parameter s (9) and (11). For example, the relative order parameter according to the saturation level for irradiation power W = 8.8 mW/ cm 2 is s = 0.67 and for W = 2.0 mW/ cm 2 − s = 0.3 (Fig. 8) . The saturation value of the phase retardation ␦ sat shows a nonlinear increase with the power of the activated uv light beam (Fig. 8) . The linear proportionality s Ϸ W is observed only for sufficiently small values of W (Fig. 9) . However, the exact numerical solution of the diffusion model (4) and (5) provides much better agreement (solid line in Fig.  8 ).
B. Relaxation of the order parameter, taking into account the molecular interaction
If we neglect the molecular interaction, the diffusion model (4) and (5) describes only the experimental data concerning the process of saturation of the order parameter with time (Figs. 7-9 ): the saturation value increases for the higher power (Fig. 8) as well as the rate of the saturation (Fig. 9) . However, after switching the activated light off, the model predicts the exponential relaxation of the order parameter with time. Such a rapid decrease contradicts the experimental results, which show a new finite saturation level for a long time (Fig. 10) . The experimental data in Fig. 10 show that, after switching the light off, the normalized phase retardation relaxes to a certain nonzero level dependent on temperature. The saturation level decreases with temperature, which is in good agreement with our estimations (21) and the results of the numerical calculations (Fig. 4) . Taking into account the experimental data in Fig. 10 , we evaluated the parameters T C and a for the diffusion model exposure times (Fig. 11) . The sample was illuminated by linear polarized light during some time ͑t exp ͒, and after this the uv source was switched off, but the registration of the phase retardation was continued up to the time when changing of the phase retardation ␦ was not observed. The results for different illumination times are shown in Fig. 11 [33] . The above-mentioned models (4) and (5) (molecular interaction is neglected) and the modified interaction potential (14b) cannot explain the order parameter relaxation, observed in our experiment (Fig. 11) . Thus, we decided to use the approximation of the "frozen" potential (31a) and (31b) and make a fitting of the experimental curve by solving the problem (1) and (31) in numerical calculations (solid lines in Fig.  11 ). It can be seen that for a certain values of A = 0.1, a / kT = −5.5, the approximation of the frozen potential (31) provides a good coincidence between the theory and experiment (Fig. 11) .
V. CONCLUSION
The model of the rotational diffusion of the azo-dye molecules under the action of a polarized uv light was used to explain the formation of the photoinduced order in azo-dye layers. A diffusion mechanism was proposed by us and does not involve any photochemical or structural transformation of azo-dye molecules. The model uses the diffusion equation with the specific potential, which characterizes the interaction of the molecule and the activated light. We consider both the approximations of negligible and strong molecular interaction during the process of the reorientation under the action of a polarized light. A certain critical temperature phase transition T c was predicted: for T Ͻ T c the order parameter of the azo-dye layer relaxes to nonzero value when the light field is switched off. We constructed an experimental setup, based on a photoelastic modulator, that allows to make accurate in situ measurements of the phase retardation ␦ of thin film as a function of the exposure time t exp and exposure power W ͑W /cm 2 ͒. Fitting the experimental curves ␦͑t exp ͒ for different power values W, we can estimate the coefficient of rotational diffusion D, azo-dye order parameter S͑t exp ͒, and other parameters of the rotational diffusion model. A good agreement with experiment was observed even in the case of negligible molecular interaction: (i) the initial rate of the birefringence d␦ / dt͉ t=0 is proportional to the illumination power; (ii) the birefringence increases with the exposure time and comes to the saturation level ␦ sat ; (3) the saturation value of birefringence ␦ sat increases with the intensity of the activated light and is well described both by the analytical and numerical estimates.
To find nonzero values of the order parameter of the azodye layer after relaxation, we used the approximation of the frozen potential, which "remembers" the final value of the averaged order parameter at the moment when the light is switched off. A good agreement with the observed experimental value was found. The diffusion model of azo-dye reorientation in polymer matrix is in progress and will be published elsewhere.
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